An isozyme study on the single population of the dioecious, clonal, and rhizomatous plant species Mercurialis ovata in Switzerland was carried out to determine whether small, isolated, outbred populations show low genetic variation, and whether most sexual events within such populations are sibmatings. Although the number of multilocus genotypes was very high (100%), most individuals were close relatives (mean band-sharing eveness at the 21 loci analysed"0.91). It was thus concluded, that most breeding was indeed sibmating, but that the obligate outcrossing of M. ovata nevertheless enabled the maintenance of high clonal diversity. Some implications for conservation genetics are discussed.
Introduction
Small population size is often, but not always associated with low intrapopulational genetic variation in plants (Ellstrand and Elam, 1993) . Loss of alleles is probably caused by genetic drift and inbreeding depression. Increased inbreeding does not only result from increased self-fertilization of individuals within a population, but also from matings of close relatives, i.e., sibmating (Young et al., 1996) . Inbreeding depression may thus occur in small populations of almost completely outbred species as well, because many crossing events are likely to be among relatives. Although enhanced inbreeding through sibmating and its possible negative impact on population persistence should be of concern to conservation genetics, there are few empirical studies that have investigated whether the frequency of sibmating in small, mainly outbred populations is high, and whether such populations contain low genetic variation. To test this hypothesis, completely dioecious plant species are ideal organisms.
In Switzerland, there is only one small, strongly isolated population of the dioecious plant species Mercurialis ovata Sternb. and Hoppe (Zoller, 1964) . This population was chosen for (1) an analysis of the level of intrapopulational genetic variation with isozyme electrophoresis and (2) a determination of the amount of sibmating.
Materials and methods

Plant material
Mercurialis ovata is a perennial, clonal, wind-pollinated and completely dioecious plant species with a habit very similar to M. perennis, but its leaves are almost sessile, ovate, and have a crenate margin (Hegi and Beger, 1924) . M. ovata, like M. perennis, has a creeping rhizome, which frequently branches and desintegrates. This vegetative reproduction may lead to large clones (Falinska, 1985) . M. ovata is a South-East European species and only has a scattered distribution in Central Europe. It grows mainly in sparse forests and forest clearings, or on calcareous rubble slopes (Hegi and Beger, 1924) .
The single population of M. ovata in Switzerland is located at Tanter Sasso/Tulaida near to Ardez in the Lower Engadine, Canton of Grisons (coordinates: 10311E/ 46343N; Zoller, 1964 Zoller, , 1995 and inhabits a sparse forest of larches at an elevation of about 1800 m (Braun}Blanquet, 1961) . The population at Ardez is strongly isolated, since the nearest populations of the species are found more than 90 km away, at Bolzano in Northern Italy (Zoller, 1964) . When sampled, the small population of Ardez consisted of about 400 above ground sprouts. Leaves were collected from individual sprouts at a distance of at least 1 m from each other. Only sprouts not obviously clumped and, thus, not belonging to the same unisexual clone were sampled. This resulted in a total sample size of 32.
Electrophoresis
Both, starch gel and agarose gel electrophoresis of isozymes were carried out in order to independently check the banding patterns found. The procedures exactly followed those described in Stehlik and Holderegger (submitted) . Thirteen enzyme systems were tested (abbreviations according to Wendel and Weeden, 1989;  Table 1 ).
Statistical analysis
Because all mating events are outcrossings in the dioecious M. ovata, a signi"cantly positive "xation index, F (Wright, 1965) would clearly indicate sibmating, but the Table 1 Enzyme systems studied, their enzyme commission numbers (E.C.), the 21 loci analysed, the number of enzyme phenotypes per locus and its mean ($standard error, SE), and the band-sharing eveness per locus and its mean ($SE) in the studied population of Mercurialis ovata near to Ardez, Switzerland (N"32) complicated enzyme banding patterns obtained (see Section 3) could not be analysed at the allelic level. Hence, Wright's "xation index could not be estimated. Therefore, data were phenotypically analysed, based on presence or absence of individual bands. The percentage of polymorphic loci, the number of enzyme phenotypes per locus and its mean over all loci, the number of multilocus phenotypes (identical to clonal diversity; Ellstrand and Roose, 1987) , as well as the band-sharing evenness per locus (Lozan, 1992) and its mean over all loci were determined. Signi"cance of the di!erence of the band-sharing evenness from equality was tested with a one-sided t-test using arcsin ((x)/100-transformed data (Sokal and Rohlf, 1995) . A Kolmogorov-Smirnov test con"rmed normal distribution of the latter.
Results and discussion
The very complicated banding patterns and the distinctly resolved dosage e!ects of the 21 loci detected in isozyme electrophoresis (Table 1) clearly pointed to polyploidy and/or duplication of loci (Crawford, 1990) in the population of M. ovata at Ardez.
The same population has been cytologically studied by KraK henbuK el and KuK pfer (1995). They found three di!erent polyploid cytotypes of 2n"47, 48, and 54. These high and partly aneuploid chromosome numbers might reduce the e!ectiveness of sexual reproduction in this population of M. ovata and rejuvenation may be dominated by vegetative growth (Ellstrand and Roose, 1987) . Surprisingly, we found 32 di!erent multilocus phenotypes among the 32 samples investigated. This indicated very high clonal diversity (Ellstrand and Roose, 1987) . The genetic variation per locus within the population was nevertheless rather small, although as much as 71% of the loci were polymorphic. In pairwise comparisons, individuals shared most of the bands in their individual banding patterns. A mean of 2.9 enzyme phenotypes per locus (SE"0.38), ranging from 1 to 7, and a mean band-sharing eveness per locus of 0.91 (SE"0.04), ranging from 0.33 at the AAT3 locus to 1 at several loci, were determined (Table 1) . Only "ve of the 21 indices of band-sharing eveness per locus fell below 0.9 (Table 1) . Their mean was nevertheless signi"cantly di!erent from equality (t-test, P) 0.0005, N"21) . Similar results showing high clonal diversity but low genetic variation were recently recorded within isolated populations of the rare and also rhizomateous ¹rifolium stoloniferum using RAPD markers (Crawford et al., 1998) .
How can this high clonal polymorphism combined with a rather low overall genetic variability in the Swiss population of M. ovata be explained? Principally, polyploid species can maintain higher amounts of allelic variation at a single locus than diploid species (Soltis and Rieseberg, 1986) . With respect to its low genetic variation, the small and strongly isolated population of M. ovata at Ardez might have been founded by a small number of colonizing individuals. Because it was not possible to interpret the banding patterns at an allelic level (see above), no estimate of the minimum number of founder individuals could be calculated. Alternatively, the level of genetic variation currently found in this population might have been caused by past bottle necks, genetic drift, or a general decrease in population size (Ellstrand and Elam, 1993) . The agricultural management of the formerly grazed, sparse larch forests and the adjacent hedgerows, i.e., the habitat of M. ovata, has distinctly changed during the past 50 years in the Lower Engadine (Zoller, 1995) . This could have negatively in#uenced the viability of the single population of M. ovata in this alpine region.
Despite the small amount of overall genetic variation found, the dioecious and long-lived M. ovata at Ardez seemed to maintain high clonal diversity. However, most individuals were genetically near to each other, as indicated by the mean band-sharing index of 0.91 (Table 1) . It was therefore concluded that most outcrosses in this population were indeed between close relatives, i.e., sibmatings (Richards, 1986) . Whether this causes inbreeding depression due to genetic load (Charlesworth and Charlesworth, 1987 ) cannot be deduced from the present study, since no "tness related traits, such as seed set, have been investigated.
In the xerothermous #ora of the central alpine valleys with a continental-like climate, small and isolated, outlying populations of many South-or East-European species grow (Braun}Blanquet, 1961) , including M. ovata. They would form an excellent set for comparative studies on the relationships between degree of isolation, population size, pollination limitation, realized mating structures, and fecundity.
